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(57) ABSTRACT 
A full-color active matrix organic light-emitting color dis 
play panel is disclosed Which has an integrated shadoW mask 
structure for patterning arrays of color subpiXels. The in-situ 
shadoW mask structure is prepatterned on the display sub 
strate by conventional photolithography, and provides a 
simple, self-alignment feature for successive deposition of 
color organic electroluminescent (EL) media on designated 
color subpiXel areas. The pillar structure of the shadoW mask 
are particularly effective in the fabrication of high-resolution 
full-color organic light-emitting diode displays having either 
color conversion layers or individual red, green, and blue 
emissive layers. 
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A FULL COLOR ACTIVE MATRIX ORGANIC 
ELECTROLUMINESCENT DISPLAY PANEL 
HAVING AN INTEGRATED SHADOW MASK 

FIELD OF THE INVENTION 

[0001] The present invention relates to color organic light 
emitting displays having a tri-color light-emitting pixel 
pattern. 

BACKGROUND OF THE INVENTION 

[0002] Tang et al. in US. Pat. No. 5,294,869 and 5,294, 
870 recognized the advantages of constructing organic elec 
troluminescent multicolor image display devices by provid 
ing integrated shadoW masks for the generation of laterally 
separated pixels capable of emitting light of different hue. 
Such shadoW masks are comprised of Walls, pillars, or ribs 
Which are formed on a support or a substrate in a predeter 
mined pattern, and having a height dimension selected to 
cast a shadoW With respect to an obliquely incident vapor 
stream. These shadoW masks separate each color subpixel 
from an adjacent color subpixel. 

[0003] Tang et al., US. Pat. No. 5,550,066 describes a 
method of fabricating an active-matrix organic electrolumi 
nescent panel based on polysilicon thin-?lm transistor (TFT) 
arrays. With an active-matrix TFT array and integrated 
drivers on the substrate, organic EL displays provide many 
desirable attributes not commonly found in any one class of 
conventional displays. These attributes are high resolution, 
compact display geometry, self luminance, high efficiency, 
and a Wide vieWing angle. Other display technologies, in 
comparison, have certain de?ciencies. For instance, the most 
common active-matrix liquid crystal displays have limited 
vieWing angles and require a back-light for illumination. The 
plasma displays are self emissive, but are not poWer effi 
cient. The inorganic thin-?lm EL displays are rugged and 
compact, but they require high drive voltage and are not 
efficient. 

[0004] Tang et al., US. Pat. No. 5,550,066 describes the 
fabrication processes for an active-matrix array based on 
polysilicon Tufts and its integration With a monochromatic 
organic EL device. The integration process for the mono 
chromatic EL device is relatively simple, involving only the 
deposition of the organic EL medium directly on the sub 
strate pre-patterned With TFT pixels and necessary bus 
electrodes and drivers. The EL medium refers to the organic 
layers constituting the EL device. For full-color, active 
matrix organic EL display panel providing red, green and 
blue colors, the EL medium requires patterning into separate 
and adjacent color pixels in relationship to the active matrix 
TFT pixels. This patterning procedure can be quite complex 
depending on the resolution requirements and the con?gu 
ration of the EL device. This patent describes an organic 
color EL displays fabricated With an integrated shadoW mask 
on the display Which provides a Way of patterning the 
organic EL medium into red, green and blue color pixels. 

SUMMARY OF THE INVENTION 

[0005] The present invention provides a full-color active 
matrix addressable organic electroluminescent display 
panel. 
[0006] Accordingly, it is an object of the present invention 
to provide a high resolution, full-color, organic electrolumi 
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nescent display requiring only one level of photolithography 
in generating a tri-color (RGB) pixel pattern. 

[0007] In one aspect of the present invention, this object is 
achieved in an organic electroluminescent color display, 
comprising: 

[0008] a) a substrate; 

[0009] b) a plurality of color pixels formed on the 
substrate; 

[0010] c) each color pixel containing three primary 
color (red, green, and blue) subpixels; 

[0011] d) an active matrix electrical addressing ele 
ment associated With each color subpixel; 

[0012] e) an integrated shadoW mask for forming the 
color subpixels and includes a plurality of pillar 
structures erected on the substrate; 

[0013] f) the pillar structures having a geometric 
arrangement Which permits the formation of each 
color subpixel independent of the formation of the 
other tWo color subpixels and Wherein the formation 
of each color subpixel is provided by a line-of-sight 
vapor deposition for selective patterning the color 
subpixel; and 

[0014] g) a common light-transmissive electrode 
over the plurality of color pixels. 

[0015] In another aspect of the present invention, this 
object is achieved in an organic light-emitting color display, 
comprising: 

[0016] a) a substrate; 

[0017] b) a plurality of color pixels formed on the 
substrate; 

[0018] c) each color pixel containing three primary 
color (red, green, and blue) subpixels; 

[0019] d) an active matrix electrical addressing ele 
ment associated With each color subpixel; 

[0020] e) an integrated shadoW mask for forming the 
color subpixels includes a plurality of pillar struc 
tures erected on the substrate and Wherein the pillar 
structures having a geometric arrangement Which 
permits the formation of each color subpixel inde 
pendent of the formation of the other tWo color 
subpixels and Wherein the formation of each color 
subpixel is provided by a line-of-sight vapor depo 
sition for selective patterning the color changing 
medium; 

[0021] f) each color subpixel having a short Wave 
length organic electroluminescent (EL) emitter and a 
?uorescent color conversion layer formed over the 
EL emitter; and 

[0022] g) a common light-transmissive electrode 
over the EL emitter. 

[0023] In a further aspect of the present invention, this 
object is achieved in an organic light-emitting color display, 
comprising: 
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[0024] a) a substrate; 

[0025] b) a plurality of color pixels formed on the 
substrate; 

[0026] c) each color pixel containing three primary 
color (red, green, and blue) subpixels; 

[0027] d) an active matrix electrical addressing ele 
ment associated With each color subpixel; 

[0028] e) an integrated shadoW mask for forming the 
color subpixels includes a plurality of pillar struc 
tures erected on the substrate; 

[0029] f) the pillar structures having a geometric 
arrangement Which permits the formation of each 
color subpixel independent of the formation of the 
other tWo color subpixels; Wherein 

[0030] g) each color subpixel having an organic 
electroluminescent (EL) emitter With an emissive 
layer capable of producing a primary color; Wherein 

[0031] h) the formation of each color subpixel is 
provided by a line-of-sight vapor deposition for 
selective patterning the emissive layer of the EL 
emitter; and 

[0032] i) a common light-transmissive electrode over 
the EL emitter. 

ADVANTAGES 

[0033] An advantage of this invention is that the fabrica 
tion of a full-color active-matrix organic light-emitting 
diode (OLED) display panel is simple and economical. The 
fabrication requires only one additional level of photolithog 
raphy for the construction of an integrated shadoW mask and 
for the color subpixel patterning scheme. 

[0034] The integrated shadoW mask (also referred to as an 
in-situ shadoW mask) ensures that the deposited ?uorescent 
color conversion layer is self-aligned With respect to a 
designated color subpixel area. This self-alignment feature 
is highly precise and therefore it is particularly useful for the 
fabrication of high-resolution color OLED display panels. 
Color pixel pitch of less than 10 micrometers can be readily 
achieved by the pillar structure shadoW masks of the inven 
tion. 

[0035] Excellent optical coupling betWeen a short Wave 
length OLED emitter and a ?uorescent color conversion or 
a ?uorescent color changing layer is ensured, since the 
?uorescent layer is formed Within a fraction of a micrometer 
over the short Wavelength light-emitting layer. Thus, effi 
cient color conversion from near ultraviolet or blue to green 
and from near ultraviolet or blue to red can be accomplished. 

[0036] Vapor deposition for producing a color conversion 
?uorescent layer is fully compatible With OLED device 
fabrication. In particular, the exposure of an ambient-sensi 
tive OLED device to ambient air throughout the entire 
production cycle is not necessary, thus avoiding the possi 
bility of device degradation due to the elements of air and/or 
moisture. The color OLED panel fabrication can proceed in 
a vacuum deposition chamber Without a vacuum break, 
starting With the deposition of the blue emitting OLED array 
to the deposition of the ?uorescent color conversion layers. 
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[0037] The integrated shadoW mask structures can also be 
used to provide full-color display panels having red, green, 
and blue light-emitting pixels (or subpixels) formed directly 
from layers of organic electroluminescent (EL) materials. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] FIGS. 1-6 shoW the fabrication of a full-color 
active-matrix organic EL display panel using integrated 
shadoW mask structures to pattern color conversion (color 
changing) layers in accordance With the present invention, 
Wherein FIG. 1 is a schematic side vieW of a subpixel 
arrangement over a substrate and including subpixel elec 
trodes and associated active matrix electrical addressing 
transistor elements; 

[0039] FIG. 2 shoWs an electrically insulative passivation 
layer covering the transistor addressing elements and pro 
viding an exposed portion of each subpixel electrode; 

[0040] FIG. 3 shoWs a ?rst embodiment of an integrated 
shadoW mask structure erected on the passivation layer at 
designated locations; 
[0041] FIG. 4 depicts a blue light-emitting organic elec 
troluminescent (EL) layer formed over each subpixel, and a 
common light-transmissive electrode formed over the blue 
light-emitting layer; 
[0042] FIG. 5 shoWs the deposition of a ?uorescent green 
color conversion layer by vapor deposition from an oblique 
angle With respect to the shadoW mask and the consequent 
formation of a green color subpixel; and 

[0043] FIG. 6 shoWs the deposition of a ?uorescent red 
color conversion layer by vapor deposition from an oblique 
angle (in opposite direction) With respect to the shadoW 
mask and the consequent formation of a red color subpixel. 

[0044] FIGS. 7-10 shoW the fabrication of a full-color 
active matrix organic EL display panel using integrated 
shadoW mask structures of a second embodiment to pattern 
color conversion (color changing) layers in accordance With 
the present invention, Wherein 

[0045] FIG. 7 is a schematic side vieW of a subpixel 
arrangement over a substrate, subpixel electrodes and asso 
ciated active matrix electrical addressing elements, an elec 
trically insulative passivation layer, and a second embodi 
ment of an integrated shadoW mask structure erected on the 
passivation layer at designated locations; 

[0046] FIG. 8 depicts a blue light-emitting organic elec 
troluminescent (EL) layer formed over each subpixel, and a 
common light-transmissive electrode formed over the blue 
light-emitting layer; 

[0047] FIG. 9 shoWs the deposition of a ?uorescent green 
color conversion layer by vapor deposition from an oblique 
angle With respect to the shadoW mask and the consequent 
formation of a green color subpixel; and 

[0048] FIG. 10 shoWs the deposition of a ?uorescent red 
color conversion layer by vapor deposition from an oblique 
angle (in opposite direction) With respect to the shadoW 
mask and the consequent formation of a red color subpixel; 

[0049] FIGS. 11-13 shoW the fabrication of a full-color 
active matrix organic EL display panel using the integrated 
shadoW mask structures of the second embodiment shoWn in 
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FIGS. 7-10 to provide subpixel patterns of three primary 
color emissive layers in accordance With the present inven 
tion, Wherein 

[0050] FIG. 11 shoWs the patterned vapor deposition of a 
green emissive subpixel layer; 

[0051] FIG. 12 shoWs the patterned vapor deposition of a 
red emissive subpixel layer; and 

[0052] FIG. 13 depicts the formation of a blue emissive 
subpixel layer, and of a common light-transmissive elec 
trode over the light-emissive layers; 

[0053] FIGS. 14 and 15 are schematic plan vieWs of tWo 
different pixels con?gurations in accordance With the 
present invention, Wherein 

[0054] FIG. 14 shoWs a color pixel comprising individual 
primary color (RGB) subpixel areas de?ned by the inte 
grated shadoW mask of the ?rst embodiment, With each 
individual color subpixel associated With a transistor 
addressing element; and 

[0055] FIG. 15 depicts a color pixel comprising multiple 
repeating primary color (RGB) elements de?ned by the 
integrated shadoW mask of the ?rst embodiment, With color 
elements of the same color being electrically connected in 
parallel to a transistor addressing element. 

[0056] Since device feature dimensions such as layer 
thicknesses are frequently in sub-micrometer ranges, the 
draWings are scaled for ease of visualiZation rather than 
dimensional accuracy, and in order to preserve clarity of 
presentation, vapor deposited layers formed over uppermost 
surfaces of the shadoW masks have been omitted. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0057] The acronym EL is, in some instances, employed 
for the term “electroluminescent”. The acronym OLED is, in 
some instances, employed for the term “organic light-emit 
ting diode”. The term “pixel” is employed in its art recog 
niZed usage to designate an area of an image display array 
that can be stimulated to emit light independently of other 
areas. The term “subpixel” is used to designate an area of a 
pixel Which can be addressed to emit light of a particular hue 
in a multicolor display. The term “multicolor” is employed 
to describe image displays having a plurality of color pixels 
in Which each color pixel comprises at least tWo color 
subpixels, each of Which emits light of a different hue. The 
term “full-color” is employed to describe multicolor image 
displays having a plurality of color pixels, each comprised 
of three primary color subpixels, each capable of emitting 
light in one of the red, green, and blue regions of the visible 
spectrum. The term “hue” refers to the intensity pro?le of 
light emission Within the visible spectrum, With different 
hues exhibiting visually discernible differences in color. The 
term “light-transmissive” is used to describe an electrode 
Which transmits therethrough at least ?fty percent of light 
throughout a spectral region having a 100 nm Width. The 
term “re?ective” is used to describe an electrode Which 
re?ects therefrom at least ?fty percent of light throughout a 
spectral region of a 100 nm Width. 

[0058] FIGS. 1-6 indicate schematically the fabrication of 
a full-color organic light-emitting display panel in accor 
dance With the present invention. It Will be appreciated that 
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such a display panel comprises a plurality of organic light 
emitting pixels arranged in a tWo-dimensional array. 

[0059] Referring to FIG. 1, ?rst, second, and third later 
ally spaced subpixel electrodes 32, 34, and 36, respectively, 
are formed over a substrate 12 for each of the light-emitting 
pixels. Corresponding electrical addressing elements 22, 24, 
and 26, respectively, are provided over the substrate so that 
each of the subpixel electrodes can be electrically addressed 
With an electrical signal. The substrate 12 can be constructed 
of a variety of materials Which provide physical integrity 
and electrical characteristics commensurate With the fabri 
cation and operation of a display panel. Particularly pre 
ferred materials for the substrate 12 are crystalline silicon, 
glass, quartZ, and ceramic materials. When the substrate 12 
is constructed of crystalline silicon, the electrical addressing 
elements 22, 24, and 26 include, preferably, transistors 
fabricated by a CMOS process in accordance With process 
ing steps Well knoWn in the semiconductor industry. When 
the substrate 12 is selected to be of glass, quartZ, or 
ceramics, the electrical addressing elements are preferably 
thin ?lm transistors (TFTs) fabricated in a manner similar to 
TFTs used in thin ?lm active-matrix liquid crystal display 
panels. The TFFs can be made of amorphous or of poly 
crystalline silicon. The subpixel electrodes 32, 34, and 36 of 
each of pixel are constructed preferably of a re?ective 
electrode material such as, for example, aluminum or an 
aluminum-silicon alloy. 
[0060] Turning noW to FIG. 2, an electrically insulative 
passivation layer 42, 44, and 46 is formed over each corre 
sponding electrical addressing element and extending over 
portions of associated subpixel electrodes 32, 34, and 36, 
respectively, thereby providing exposed portions 33, 35, and 
37 of each of these laterally spaced electrodes. 

[0061] Turning to FIG. 3, a ?rst embodiment of an 
integrated shadoW mask structure is noW constructed by 
forming ?rst, second, and third spaced deposition-control 
ling rib or pillar structures for each pixel. The ribs or pillars 
are arranged for each light-emitting pixel so that the ?rst and 
second subpixel electrodes 32 and 34 are positioned betWeen 
a ?rst and a second vapor deposition-controlling pillar 
shadoW mask structure 52 and 54, and the third subpixel 
electrode 36 is positioned betWeen the second pillar 54 and 
a third pillar structure shadoW mask 56. The pillar structures 
have a height dimension H, Which is preferably in a range of 
0.5 to 5 times the lateral dimensions of the color subpixel 
pitch, ie the repeat distance betWeen color subpixels. 
[0062] FolloWing the teachings of Tang et al. in the above 
referenced US. Pat. No. 5,294,869 and 5,294,870, the 
pillars 52, 54, and 56 can be formed from a negative 
Working photoresist composition Which is spin-coated and 
patterned by a photolithographic processing step. The sim 
plicity and advantage of the arrangement of the pillar 
structure shadoW masks for the vapor deposition of pat 
terned color conversion ?uorescent layers Will become more 
readily apparent through the description of the vapor depo 
sition sequences detailed in FIGS. 5 and 6. 

[0063] Referring to FIG. 4, an organic electroluminescent 
layer 60 is formed at least over the exposed portion of each 
subpixel electrode and over the insulative passivation layers. 
A common light-transmissive electrode 72 is formed over 
the organic EL layer 60. 
[0064] The layer 60 includes an organic light-emitting 
material capable of emitting light in a blue (“B”) spectral 
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region in response to an electrical addressing signal pro 
vided between one of the electrodes 32, 34, or 36 and the 
light-transmissive common electrode 72. 

[0065] The blue light-emitting organic EL layer 60 is 
comprised of a plurality of superimposed layers Which can 
include a hole-injecting layer, a hole-transporting layer, a 
blue light-emitting layer, and an electron-transporting and 
injecting layer, as detailed in the Tang et al, U.S. Pat. No. 
5,294,870, the disclosure of Which is hereby incorporated by 
reference. To preserve visual clarity of the draWings, these 
superimposed organic layers are depicted here as single 
layers. It is noted that superimposed layers or multi-layers 
provide an internal junction betWeen an electron-injecting 
and transporting Zone and a hole-injecting and transporting 
Zone so that hole-electron recombination at the junction 
provides light-emission therefrom and of a hue Which is 
determined by the light-emitting materials present at the 
junction or Within molecular distances therefrom. 

[0066] Particularly preferred blue light-emitting organic 
EL materials are those Which emit in a spectral region beloW 
480 nm and Which are capable of exciting each of the 
?uorescent color conversion layers. 

[0067] The layer 60 (or sublayers thereof) can be formed 
by conventional vapor phase deposition. The light-transmis 
sive common electrode 72 can be deposited by vapor phase 
deposition, by sputter deposition, or by electron beam depo 
sition. Preferred light-transmissive electrode materials 
include indium oxide, Zinc oxide, tin oxide, indium-tin oxide 
(ITO) or combinations of oxides of indium, tin, and Zinc, and 
chromium cermat light-transmissive materials. Such com 
mon electrodes have a thickness in a preferred range of 0.01 
to 0.5 micrometer, and a transparency greater than ?fty 
percent. 
[0068] Referring to FIG. 5, a green color conversion 
vapor deposition stream 81 is shoWn directed toWard the 
surfaces of the common electrode 72 under an oblique angle 
6) With respect to the shadoW mask pillars 52, 54, and 56 
such that a green (“G”) color conversion layer 82 is formed 
over a portion of the common electrode 72 and overlying the 
?rst subpixel electrode 32, and delineated by the shadoWing 
effect of the shadoW mask pillar 54. The green color con 
version layer extends upWardly along the pillar 52 and the 
pillar 54 outside of the exposed portions of the pixel 
electrodes. As indicated previously, layers formed over the 
top portions of the pillars are not shoWn in the draWings to 
preserve clarity of presentation. 
[0069] Referring to FIG. 6, a red color conversion vapor 
deposition stream 91 is noW shoWn incident under an angle 
—@ (i.e. in an opposing direction relative to the vapor stream 
81). A red color conversion layer 94 (“R”) is thereby formed 
selectively over the common electrode 72 and overlying the 
exposed portion of the second subpixel electrode 34, and 
delineated primarily by the shadoWing effect of the pillar 
shadoW mask 52. It Will be appreciated that a thickness 
dimension of the color conversion layers 82 and 94 is in a 
range of 002-02 micrometer, While the pillar structure 
shadoW masks 52, 54, and 56 have a Width dimension (not 
shoWn) in a range of 2-10 micrometer. Accordingly, the 
color conversion layers extending upWardly along the pillars 
have a negligible effect on the shadoW-casting performance 
of the masks. 

[0070] Each of the third light-emitting subpixels, identi 
?ed by the subpixel subelectrodes 36, is not covered by 
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either of the tWo different color conversion layers 82 and 94, 
thus remaining capable of emitting blue light (“B”). The 
color pixel P is comprised of laterally spaced color subpixels 
pg, pr, and pb. 

[0071] The color conversion layers 82 and 94 are formed 
of a single or of a composite ?uorescent material capable of 
ef?ciently absorbing blue light emitted from the organic 
electroluminescent layer 60 and efficiently converting the 
absorbed blue light to provide green and red emissions, 
respectively. Since a thickness dimension (not shoWn) of the 
light-transmissive common electrode 72 is typically smaller 
than 0.2 micrometer, optical coupling With minimal diver 
gent loss betWeen the blue light-emitting layer 60 and the 
color conversion layers 82 and 94 is ensured. 

[0072] Thus, the particular geometric arrangement of this 
embodiment of the pillar structure shadoW masks 52, 54, and 
56 With respect to the subpixel electrodes 32, 34, and 36 
represents a simple and accurate self-alignment feature for 
forming a full-color organic light-emitting display Which has 
a plurality of light-emitting pixels. As shoWn here, adjacent 
green and red subpixels are de?ned by and betWeen ?rst 
pillar structures 52 and second pillar structures 54. Blue 
subpixels are disposed betWeen second pillar structures 54 
and third pillar structures 56. 

[0073] Referring to the sequence of FIGS. 7-10, there is 
shoWn schematically the fabrication of a full-color active 
matrix organic EL display panel using integrated shadoW 
mask pillar structures of a second embodiment to pattern 
color conversion (color changing) layers. With feW excep 
tions, numeral designations of like parts are identical to the 
parts or elements described in FIGS. 1-6, and Will therefore 
not be further detailed. 

[0074] This embodiment uses only tWo shadoW mask 
pillar structures 52 and 56 to de?ne three adjacent color 
subpixels therebetWeen. 

[0075] FIG. 7 shoWs the subpixel electrodes 32, 34, and 
36, and associated active matrix electrical addressing ele 
ments 22, 24, and 26 as provided in FIG. 2. 

[0076] FIG. 8 depicts a blue (“B”) light-emitting organic 
EL layer 60 formed over each subpixel betWeen tWo pillar 
structures 52, 56, and a common light-transmissive electrode 
72 disposed over the EL layer 60. 

[0077] In FIG. 9 is shoWn the deposition of a green (“G”) 
color changing layer 82 Which is selectively patterned in 
alignment With the designated subpixel electrode 32 by the 
vapor stream 81 Which is incident on the electrode layer 72 
under an oblique angle 0 With respect to the pillar structures, 
Whereby the pillar structure 56 provides the shadoWing or 
masking effect. 

[0078] FIG. 10 shoWs the deposition of a red (“R”) color 
changing layer 94 Which is selectively patterned in align 
ment With the designated subpixel electrode 36 by the vapor 
stream 91 Which is incident on the electrode layer 72 under 
an oblique angle —o, Whereby the pillar structure 52 noW 
provides the shadoWing or masking effect. The centrally 
disposed blue (“B”) light-emitting subpixel has been shad 
oWed or masked from receiving a color changing layer by 
the mask structures 56 and 52 Which selectively intercept the 
vapor streams 81, 91 at the designated angles 0 and —o. 








